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Accidents 
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Emergency Locator Transmitters (ELT) help search crews to locate aircraft in distress 
and to rescue survivors.  This study analyzed ELT data from U.S. General Aviation 
accidents during the period 2006 to 2010. This study examined the effectiveness of ELTs 
in terms of ELT Success Rate (ESR) and False Negative Rate (FNR) based on ELT-
Aided.  This study found a significant difference between ELT-Operated and ELT-Aided.  
The ESR was found to be 38.58% whereas the FNR was found to be 61.42 %.  The 
Missing Data Ratio (MDR), where accident reports had no ELT information, was found 
to be above 95%.  Recommendations were made to include ELT information in all 
accident reports and to stress the importance of including response time in the accident 
report. Also the significant differences between ELT-Operated and ELT-Aided were 
explained.   
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Chapter I 
Introduction 
Emergency Locator Transmitters (ELTs)  help Search and Rescue (SAR) 
authorities locate aircraft in distress (Defence, Research, and Development Canada 
[DRDC], 2008).  ELTs are designed to activate automatically under the force of an 
impact like a crash, or they can be manually activated by the operator.  ELTs operate on 
two primary frequencies for satellite alerting: 406 MHz digital emergency beacons and 
121.5/243 MHz analog emergency beacons.  As of February 1
st
 2009, 121.5/243 MHz 
analog emergency beacons no longer alert SAR authorities and only signals from 406 
MHz emergency beacons are processed (DRDC).    
Significance of the Study 
Pilots are trained to operate aircraft safely to avoid having accidents; nevertheless, 
flying has always been inherently risky; thus, accidents have and will continue to happen.  
In a study of 647 accidents that occurred in Alaska between 2004 and 2009, Swartz 
(2011) reported 12 of the 133 lives that were lost might have been saved had the aircraft 
been equipped with a 406 MHz Emergency Locator Transmitter (ELT); because, when 
activated, they help search crews rapidly locate the downed aircraft to rescue survivors.  
A report by Canada‟s Defence, Research, and Development [DRDC] (2008) has 
explained that a 406 MHz ELT signal can be detected by the COSPAS-SARSAT system 
or by any aircraft monitoring the frequency.  
On August 9, 2010, a De Havilland Canada DHC-3T single-turbine floatplane 
carrying nine people between remote fishing lodges in Alaska crashed.  The plane hit 
high ground in marginal visual meteorological conditions (VMC), killing the pilot and 
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four passengers, and badly injuring the four survivors.  Almost four hours after its 
departure, a manager at the aircraft‟s departure point called the destination airport to 
determine the aircraft‟s anticipated return.  This established the fact that the aircraft had 
not arrived at its destination.  The NTSB (Learmount, 2011) determined it had crashed 
about fifteen minutes after take-off in high-wooded ground 30 kilometers (18.6 miles) 
north of Dillingham in southern Alaska.  A search by volunteer aviators along the 
planned route, without help from the aircraft‟s ELT, discovered the position of the 
wreckage.  The NTSB found the ELT that was designed to broadcast signals via an 
externally mounted antenna had become separated from its mounting tray and thus from 
the external antenna.  Although the system was triggered by the crash, the signals were 
not transmitted.  The NTSB voiced concern that the widely used system was vulnerable 
to similar failures in the future (Learmount).  
As an industry, General Aviation (GA) has struggled under the weight of 
increased regulations and mandated equipage (Ells, 2005).  Nonetheless, many pilots and 
aircraft owners have remained unaware of the serious safety risks they could encounter if 
they were to continue using first generation ELTs (Ells).  Yet 406 MHz ELTs have 
continued to experience problems.  In the worst case scenario, as seen in the De 
Havilland accident, 406 ELT distress signals have not always been received by the rescue 
team.  Consequently, this researcher chose to study the conditions that are likely to occur 
with the new generation ELTs that could result in such problems. 
Research on ELTs 
There have been few studies on the performance of ELTs.  International Civil 
Aviation Organization (ICAO, 2010), in cooperation with the Australian Rescue 
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Coordination Centre, studied the reliability of distress beacons, based on the ELT 
information received in the ICAO Accident Data Reporting (ADREP) database.  That 
study focused on monitoring the performance of beacons, encouraging SAR authorities to 
assess beacon performance during SAR incident analyses, and establishing a mechanism 
to provide feedback to manufacturers on beacon performance.  ICAO used a system 
reliability indicator known as False Negative Rate (FNR), which was analyzed and 
trended using a control chart (ICAO, 2010). 
There was another study conducted by the DRDC (2008), on ELT Performance in 
Canada that analyzed the statistics and human factors issues.  That study examined 
successful activation ELT rates and human factors issues by analyzing actual aircraft 
incidents that occurred in Canadian territory between the years 2003 and 2007.  That 
study examined the effectiveness of ELTs by using a term called ELT success rate, which 
is the percentage of ELTs that survived a real aircraft incident and notified SAR 
authorities. That study addressed impact-related issues of ELT such as fire damage, ELT 
antenna or cable damage, water damage, insufficient G-forces and so forth, and human 
factor  issues which included failure to arm the ELT and failure to replace dead batteries 
(DRDC).       
Statement of the Problem 
ELTs have a vital role in determining the location of accident sites, because 
Search and Rescue (SAR) authorities use ELTs to pinpoint the location of a crash site and 
to provide emergency assistance to accident victims (DRDC).  They preserve life and 
reduce injury for passengers and aircrew by (a) automatically signaling an aircraft crash, 
4 
 
(b) providing position information that can be captured by the SAR system, and (c) 
emitting a homing signal that guides rescuers to the crash site (DRDC, 2008).    
It is important to note that ELT-Operated and ELT-Aided are two different terms 
that have significantly different meanings.  The condition in which an ELT activated and 
triggered an ELT signal is classified as ELT-Operated.  The researcher defined ELT-
Aided as the condition in which the ELT activated, triggered an ELT signal, and guided 
the rescuers. There have been cases where other devices such as the Personal Locator 
Beacon (PLB), personal tracker or GPS assisted in rescuing the survivors of the accident, 
and such cases have been classified as ELT-Unaided.  In some cases, the ELT was not 
turned on, so it was classified as ELT-Unaided;  although presumably it could have 
helped, had the pilot turned it on.  There have been cases where the ELT signal was 
triggered without been received by the Rescue Coordination Centre (RCC), hence the 
researcher classified this case as ELT-Unaided.  Thus, this researcher defined ELT-
Unaided as the situation in which rescue efforts were not assisted by signals from the 
ELT.   
United States Agency International Development (USAID, 2009) defined 
effectiveness as the extent to which an activity fulfills its intended purpose or function.  
Applying the above definition to this context, an ELT is effective only if it satisfied its 
intended purpose of guiding the searchers to the accident site on successful activation of 
the ELT signal.     
The DRDC and International Civil Aviation Organization (ICAO) have studied 
the performance of ELTs based on ELT activation.  According to ICAO, ELTs are the 
most relied-upon device during an aircraft accident.  Thus, there is a necessity to analyze 
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the effectiveness of ELTs in terms of ELT-Aided.  During the manufacturing process, 
ELTs are tested for their performance under several testing conditions.  However, when 
exposed to real accident/incident situations, sometimes they fail to perform as designed 
and intended.  Therefore, analyzing accidents to determine the ELT success rate (ESR) 
and false negative rate (FNR) of ELTs is important to determine their effectiveness.  A 
false alarm rate is different from false negative rate.  DRDC (2008) defines false alarm 
rate as the rate at which SAR authorities receive SAR alerts from ELTs for which no 
emergency exists calculated by dividing the total number of false alarms by the total 
number of alerts.  ICAO (2010) defines FNR as a reliability indicator, which is expressed 
as a percentage, by, dividing the total number of ELTs that did not function by the total 
number of ELTs.  The researcher used the term FNR in this study as the percentage of 
ELTs that failed to aid a real aircraft accident divided by the total number of ELTs 
installed.           
Purpose Statement  
The purpose of this study was to determine the effectiveness of ELTs in terms of 
ELT-Aided in alerting Search and Rescue (SAR) authorities after an accident by 
determining the ELT Success Rate (ESR) and False Negative Rate (FNR) of the ELT 
system.    
Limitations 
The study was limited to accidents within the United States and its territories. The 
researcher narrowed the study to general aviation. This study was based on 81 cases that 
occurred from 1/1/2006 to 12/31/2010.  The researcher also limited the study to accidents 
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that reported ELT information.  Only, factual information was analyzed, hence 
preliminary information was ignored.  
Assumptions 
 Since the reports did not have a clear distinction between 406 MHz ELTs and 
121.5/243 MHz ELTs, ESR and FNR could not be found individually.  When the 
researcher conducted this study, the NTSB updated the official website, in which some 
reports could have been unidentified even if ELT information was present.   
Definition of Terms 
Aircraft Accident According to ICAO (2011), an occurrence associated with 
the operation of an aircraft which takes place between the 
time any person boards the aircraft with the intention of 
flight until such time as all such persons have disembarked, 
in which: 
a. A person is fatally or seriously injured as a result of: 
 being in the aircraft, or 
 direct contact with any part of the aircraft, 
including parts which have become detached from 
the aircraft, or 
 direct exposure to jet blast 
b. The aircraft sustains damage or structural failure which: 
 adversely affects the structural strength, 
performance or flight characteristics of the aircraft, 
and 
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 would normally require major repair or replacement 
of the affected component. 
c. The aircraft is missing or is completely inaccessible  
ELT Success Rate ELT Success Rate is the percentage of ELTs that aided a 
real aircraft accident and notified the SAR authorities 
(DRDC, 2008). 
False Alarm Rate False Alarm rate is the rate at which SAR authorities 
receive SAR alerts from ELTs for which no emergency 
exists (DRDC, 2008) 
False Negative Rate False Negative Rate is the percentage of ELTs that failed to 
notify the SAR authorities (ICAO, 2010).  
Fatal Event An injury resulting in death within thirty days of the date of 
the accident is classified as a fatal event (ICAO, 2011).  
Response Time Response Time is the time taken by the search and rescue 
team to reach the accident spot (DRDC, 2008) 
List of Acronyms 
ADREP Accident Data Reporting 
AFRCC Air Force Rescue Coordination Center 
AM Amplitude Modulation 
COSPAS Cosmicheskaya Sistyema Poiska Avariynch Sudov  
DRDC Defence Research and Development Canada 
EIRP Equivalent Isotropic Radiated Power 
ELT Emergency Locator Transmitter 
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ESR ELT Success Rate 
FAA Federal Aviation Administration 
FCC Federal Communications Commission 
FMS Flight Management System 
FNR False Negative Rate 
GA General Aviation 
GPS Global Positioning System 
HP Horse Power 
ICAO International Civil Aviation Organization 
KIAS Knots Indicated Airspeed  
KTAS Knots True Airspeed 
LED Light Emitting Diode 
LUT Local User Terminal 
MCC Mission Control Centers 
MDR Missing Data Ratio 
NOAA National Oceanic and Atmospheric Administration 
NTSB National Transportation Safety Board 
PERP Peak Effective Radiated Power 
PLB Personal Locator Beacon 
PM Phase Modulation 
RCC Rescue Coordination Center 
SAR Search and Rescue 
SARSAT Search And Rescue Satellite-Aided Tracking 
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SPOC Search and Rescue Points of Contact 
SPSS Statistical Package for Social Sciences 
TSO Technical Standard Order 
UHF Ultra High Frequency 
UIC Unique Identification Code 
USAID United States Agency International Development 
VHF Very High Frequency 
VMC Visual Meteorological Conditions 
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Chapter II 
Review of the Relevant Literature 
 This chapter discusses the ELT components, types of ELT, maintenance and 
testing procedures of ELT; explains location and detection; and draws a comparison 
between single-phase and dual-phase ELTs.  
ELT Introduction 
An ELT is a device that can be manually or automatically activated to transmit a 
distress signal to a satellite (Tooley & Wyatt, 2007).  ELTs that activate automatically 
use a G-Switch (gravity switch) that triggers the ELT when it senses that a crash has 
occurred.  Originally, ELTs used Very High Frequency (VHF) for distress beacons 
(121.5 MHz and its second harmonic 243.0 MHz).  Today‟s modern ELTs operate on 
Ultra High Frequency (UHF, 406.025 MHz).  These newer devices are much more 
sophisticated and also operate at a significantly higher power (5W instead of the 150mW 
commonly used in VHF).  Dual Frequency (121.5/243.0 MHz) ELTs use Amplitude 
Modulation (AM) while 406 MHz ELTs use Phase Modulation. 
ELT Components 
 According to the Artex (2009) Description, Operation, Installation and 
Maintenance Manual, the ELT system consists of: (a) an ELT Transmitter, (b) Activation 
Monitor, (c) G-Switch, (d) ELT Antenna, and (e) ELT Remote Switch. 
ELT transmitter. A digital information message is sent to the satellite via the 
406.025 MHz transmitter.  The modulation is phase modulated, and every 47.5 to 52.5 
seconds the 5W transmitter turns on for 440mS, known as the short message; or 520mS, 
known as the long message (Artex, 2009).    
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Activation monitor.  An aural and/or visual monitor is provided to alert the pilot 
when the ELT has been activated and is transmitting.  The aural monitor provides a 
distinct signal, enabling a search and rescue team to locate an aircraft with a transmitting 
ELT in a confined area with a large number of aircraft.  The search and rescue team 
would listen for the aural monitor and easily locate and disable the activated ELT without 
a great deal of effort.  The visual monitor is designed to be installed so that it can be 
viewed from the pilot‟s position.  Its intended function is to inform the pilot that the ELT 
is transmitting, avoiding a situation where an aircraft is flying with its ELT transmitting 
(Artex, 2009).  
G-switch.  The ELT utilizes a G-switch that is activated by acceleration above 
2.3G in the aircraft‟s forward direction (DeLong, 2011).  The G-switch consists of five 
components: a rolling ball, a restraining spring, a tubular housing, an endplate, and an 
end switch contact, as shown in Figure 1.  Activation of the switch is achieved by 
compression of the spring under acceleration forces allowing the conductive ball to touch 
the contact making a closed circuit consisting of the contact, spring, and ball (DeLong, 
2011).  
ELT antenna.  The ELT can use two types of antenna, a rod antenna or a whip 
antenna (Artex, 2009).  The rod antenna is designed for installation on fixed or rotor wing 
subsonic aircraft whose maximum airspeed is 350 KTAS.  The whip antenna is designed 
for installation on fixed wing subsonic aircraft and is rated for a maximum airspeed of 
200 KIAS (see Figure 2). 
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Figure 1.  G-switch Components consisting of rolling ball, restraining spring, tubular 
housing, endplate, and end switch contact.  Adapted from “G-Switch Report,” by Bob 
DeLong, 2011. 
 
 
                        
Figure 2.  Rod antenna and whip antenna.  Adapted from “Description, Operation, 
Installation, and Maintenance Manual,” by Artex, 2009. 
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Remote switch.  The remote control (cockpit panel switch) provides Manual On, 
Armed, and Reset Modes (Artex, 2009).  The remote control wiring between the control 
and the ELT is designed so that no combination of short circuits between the remote 
control, monitor(s), associated wiring and the airframe will: (a) inhibit the equipment 
from being automatically activated, (b) deactivate the ELT after it has been activated, and 
(c) result in additional power drain (Artex). 
 Control and functions.  According to the Artex (2009) manual, the controls and 
functions of the remote switch are  
 Reset Switch: When pressed resets the transmitter 
 Function Switch: Selects operating mode 
o ARM.  Arms set to be actuated by impact switch (normal mode). 
o OFF.  Turns the system off 
o ON.  Manually activates transmitter for test or emergency purposes 
(Artex)  
Types of ELT 
 Several different types of ELTs are in current use. The different types of ELT are 
summarized in Table 1. These are distinguished by application and by the means of 
activation. Modern passenger aircraft may carry several different types of ELT.  
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Table 1 
Types of ELT 
Type Class Description 
A or AD Automatic 
Ejectable or 
Automatic 
Deployable 
This type of ELT automatically ejects from the aircraft and 
is set in operation by inertia sensors when the aircraft is 
subjected to a crash deceleration force acting through the 
aircraft‟s flight axis. This type is expensive and is seldom 
used in general aviation. 
 
F or AF Fixed (non-
ejectable) or 
Automatic 
Fixed 
This type of ELT is fixed to the aircraft and is 
automatically set in operation by an inertia switch when the 
aircraft is subjected to crash deceleration forces acting in 
the aircraft‟s flight axis. The transmitter can be manually 
activated or deactivated and in some cases may be remotely 
controlled from the cockpit. Provision may also be made 
for recharging the ELT‟s batteries from the aircraft‟s 
electrical supply. Most general aviation aircraft use this 
ELT type, which must have the function switch placed to 
the ARM position for the unit to function automatically in a 
crash. 
 
AP Automatic 
Portable 
This type of ELT is similar to Type-F or AF except that the 
antenna is integral to the unit for portable operation. 
 
P Personnel 
activated 
This type of ELT has no fixed mounting and does not 
transmit automatically. Instead, a switch must be manually 
operated in order to activate or deactivate the ELT‟s 
transmitter. 
 
W or S  Water 
activated or 
Survival 
This type of ELT transmits automatically when immersed 
in water. It is waterproof, floats and operates on the surface 
of the water. It has no fixed mounting and should be 
tethered to the survivors or life rafts by means of the 
supplied cord. 
Note.  Adapted from “Types of ELT,” by Mike Tooley and David Watt, 2007, Aircraft 
Communications and Navigation Systems: Principles, Maintenance, and Operation, p. 
94.  Copyright 2007.  
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Maintenance and Testing of ELTs    
 The FAA Technical Standard Order (TSO) No. 126a (2008)  requires that an ELT 
be tested.   They are tested for the following conditions: 
• functionality,  
• failure conditions, 
• environmental conditions,  
• software and hardware qualifications,  
• deviations, and  
• battery conditions (p. 1-5). 
 The FAA requires an ELT radiated test; but if the test is not conducted properly, 
the Federal Communications Commission (FCC) might take enforcement action against 
the person doing the 406 MHz ELT test (Chamberlain, Oertly, & Toscano, 2006).  
 ELTs should be tested in accordance with the manufacturer‟s instructions, 
preferably in a shielded or screened room or specially designed test container to prevent 
the broadcast of signals that could trigger a false alert (FAA, 2010).  Digital 406 MHz 
ELTs should only be tested in accordance with the unit manufacturer‟s instructions.  The 
ELT should be checked to ensure that it is secure, free of external corrosion, and that 
antenna connections are secure.  The test requirements list the number of recommended 
sweeps of the signal to minimize the risk of anyone thinking the test signal was an actual 
distress alert.  The person performing the test is required to quickly activate the ELT, 
listen for its distinctive sound on a nearby aeronautical band aircraft radio or handheld 
transceiver and then turn off the ELT (Tooley & Wyatt, 2007). 
16 
 
 Limitations in testing. According to FAA (2008), owners of 406 MHz ELTs 
should limit any test to 30 seconds duration.  This precludes satellites from receiving a 
signal from the 406 MHz beacon when activated in the ON condition.  This will prevent 
an unnecessary search and rescue action by government authorities (Tooley & Wyatt, 
2007). 
Registration 
 Unlike first-generation ELTs, new 406 MHz ELTs are required to be registered 
with SARSAT authorities (Buckwalter, 2009).  The registration data is used by 
authorities to identify aircraft type, ownership, telephone number, home base, and other 
information needed to conduct a search.  This requirement enables authorities to discover 
most false alarms before launching a dangerous and costly rescue mission (Buckwalter). 
It is also required for 406 MHz ELTs to be registered with National Oceanic and 
Atmospheric Administration (NOAA) (Federal Communications Commission [FCC], 
2009). 
Location Detection 
 An ELT signal is either heard or reported (NTSB, 2003).When a distress signal is 
received by a search and rescue team, they make a telephone call to verify if the airplane 
is actually in distress.  In certain cases the pilot may be at home or work, unaware that the 
ELT has had a false activation (Chamberlain et al., 2006).  On notification of an aircraft 
accident, a search of the ELT signal database is conducted to determine if there is a 
matching record of the event.  If a match is found, the ELT is considered to have operated 
effectively and the information will be added to the database (ICAO, 2010).  When an 
ELT is activated, an encoded digital message is sent to the satellite.  The message 
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contains information such as: (a) serial number of the transmitter, (b) country code, (c) 
aircraft 24-bit address, (d) aircraft nationality and registration marking (tail number), and 
(e) position coordinates (Artex, 2009).    
 COSPAS-SARSAT System.  Rescue response sequence can be explained with 
the following example of COSPAS-SARSAT System.  COSPAS stands for 
COsmicheskaya Sistyema Poiska Avariynch Sudov and SARSAT stands for Search and 
Rescue Satellite-Aided Tracking.  COSPAS-SARSAT is a satellite system designed to 
supply alert and location information to assist search and rescue operations (NASA, 
2009).  Figure 3 depicts the COSPAS-SARSAT System Overview. 
  
 
Figure 3. COSPAS-SARSAT system overview. Adapted from “COSPAS-SARSAT 
Search and Rescue System,” from NASA, 2009. Copyright 2009 by the National 
Aeronautics and Space Administration. 
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In situations of grave and imminent danger, meaning lives are at risk, emergency 
beacons are activated.  The signals produced by ELT beacons are received and relayed by 
COSPAS-SARSAT to COSPAS-SARSAT Local User Terminal (LUT) that process the 
signal to determine the location of the ELT.  The computed position of the ELT 
transmitter is relayed via a Mission Control Center (MCC) to the appropriate Rescue 
Coordination Center (RCC) or search and rescue point of contact (SPOC).  The RCC 
deploys the appropriate action to locate and rescue individuals at the emergency site.  The 
COSPAS-SARSAT system uses Doppler location techniques (using the relative motion 
between the satellite and the distress beacon) to accurately locate the ELT (NASA, 2009). 
 According to NASA (2009), the basic configuration of the COSPAS-SARSAT 
system features: 
 ELT that transmits VHF and/or UHF signals in case of emergency; 
 Instruments on board geostationary and low-orbiting satellites detecting signals 
transmitted by the ELT; 
 Local User Terminals, that receive and process signals transmitted via the satellite 
downlink to generate distress alerts; 
 MCCs which receive alerts from LUTs and send them to an RCC; 
 SAR units (Tooley & Wyatt, 2007, p. 98). 
Dual Phase vs. Single Phase ELTs 
 The dual phase ELT uses amplitude modulation (AM) on the two VHF 
frequencies (121.5 MHz and 243 MHz) and the single phase ELT used phase modulation 
(PM) on the UHF frequency (406.025 MHz).  The 121.5/ 243 MHz ELT transmits analog 
signals, whereas the 406 MHz ELT transmits digital coded signals.  The 406 MHz 
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frequency is optimized for accurate satellite location and it provides a far better signal-to-
noise ratio compared to 121.5/243 MHz frequency (Tooley & Wyatt, 2007).  
 Due to the efficiency of the 406 MHz frequency, searchers are able to respond 
more quickly in the event of an alert (NOAA, 2011).  Another major benefit of the 406 
MHz ELT, besides the fact the signal is detected almost instantly by the geostationary 
satellite network, is that the digital signal can be coded with information about the 
aircraft and its owner.  This makes 406 MHz ELTs much more accurate than the previous 
ELTs.  Their digital signal reduces the search area by an order of magnitude or more 
(Tracker Security Solutions, 2009).  The 406 MHz signal and the satellites also produce a 
higher degree of precision in providing an initial search area.  Another difference is that 
121.5 ELTs can only be located to within a 12 to 25-NM radius, a huge search area.  
Even without a Global Positioning System (GPS), the new 406 ELTs can be located 
within 2 to 3 NM; and when tracked with a GPS, that distance drops to within 100 yards 
(Swartz, 2011).  
 The dramatic increase in accuracy is because the software that performs the 
calculations on the 406 beacon is much better than the analog processor on the less 
advanced units.  It has a full 5W signal, and has a much clearer signal, so the resolution 
accuracy is much greater (Swartz, 2011). 
 Another benefit of 406 MHz ELTs is that they can be interfaced with the aircraft‟s 
Flight Management System (FMS) or GPS units.  An optional interface unit ties the ELT 
into the aircraft‟s GPS or FMS system to provide rescuers pinpoint aircraft location 
information in real-time.  The 406 MHz delivers a cleaner, clearer spectrum, and greater 
accuracy with less potential for false alarms (Higdon, 2008).  
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 Comparison of 121.5 MHz and 406 MHz emergency beacons. Table 2 shows a 
comparison between 121.5 MHz and 406 MHz emergency beacons.  Comparisons are 
based upon location accuracy, coverage, signal power, signal type, alert time, Doppler 
location, and GPS location.  
 
 
Table 2  
Comparison of 121.5 MHz and 406 MHz Emergency Beacons 
  121.5 MHz 406 MHz 
Location Accuracy 12 mi 2 mi 
Coverage  Local Global 
Signal Power 0.1 W 5 W 
Signal Type  Analog Digital 
Alert Time 2 hr Instantaneous 
Doppler Location Two passes Single pass 
GPS Location None 100 m Accuracy 
Note.  Adapted from “Search and Rescue Satellite-Aided Tracking: A Tale of Two 
Beacons,” from http://www.sarsat.noaa.gov/406-121.html, n.d.  Copyright n.d. by the 
National Oceanic and Atmospheric Administration 
 
 
 
 Coverage. Global coverage refers to the 406 MHz signal that will be received 
from anywhere on earth.  The satellite must view the beacon and a ground station 
simultaneously in local coverage.  Figure 4 shows the search area size for 121.5 MHz 
ELT and 406 MHz ELT (DRDC, 2009). 
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Figure 4. 121.5 MHz and 406 MHz ELT search area size for relative comparison.  
Adapted from “121.5/243 MHz ELT search area size for relative comparison,” from 
DRDC, 2009.  Copyright 2009 by the Defence Research and Development, Canada.  
 
 
 Signal type. According to NOAA (2011), the 121.5 MHz ELT uses an analog 
signal whereas the 406 MHz ELT uses a digital signal.  According to NOAA, the 
characteristics of digital signal are as follows: 
 Unique Identification Code (UIC) 
 Linked to information about the vessel/aircraft and its owner 
 Eliminates non-beacon false alarms 
 Allows false alarms to be resolved with a phone call.  Although 406 Mhz 
ELTs may not decrease false alarm rates, they decrease the number of SAR 
missions due to false alarms (para. 2). 
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According to NOAA (2011), the characteristics of analog signal are as follows: 
 Anonymous. 
 Over 50% of false alerts from non-beacon sources. 
 False alarms must be tracked to source (para. 3). 
Alert time.  According to NOAA (2011), geostationary satellites will receive a 
signal as soon as the beacon is activated.  Hence detection of a signal from a 406 MHz 
beacon is instantaneous.  A polar orbiting satellite must be overhead, in the case of 121.5 
MHz beacon, which may take up to two hours (para. 4).  
Doppler location.  According to NOAA (2011), an accurate location can be 
determined using one satellite pass 95% of the time.  At least two satellite passes are 
required to determine a location (para. 5). 
GPS location.  According to NOAA (2011), some 406 MHz beacons can transmit 
GPS positions with an accuracy of 100 meters.  Geostationary satellites provide 
instantaneous locating.  With a 121.5 MHz beacon, there is no such capability due to 
analog signal (para 6). 
 In June, 2000, all the COSPAS-SARSAT nations recommended the phase-out of 
121.5/243 MHz satellite.  Phase-out means 121.5/243 MHz beacons will no longer be 
detected by satellites, but it does not mean ELTs will no longer use either frequency.  The 
Wireless Telecommunications Bureau notified the ELT users of its termination of 121.5 
MHz frequency (FCC, 2009).   
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Environmental Improvements of 406 MHz ELTs  
According to Kannad (2008), the 406 MHz ELTs have the following 
improvements: (a) Resistance to flame, (b) Impact and crush tests, (c) Resistance to 100 
G shocks, (d) Water tightness, (e) Anti deflagration, and (f) Operate in extreme 
temperatures i.e., -20˚C to 55˚C for more than 48 hours (Kannad). 
Summary 
 The literature review summarized ELT components such as ELT transmitter, 
activation monitor, G-Switch, ELT antenna, remote switch, and its control and functions.  
The researcher also explained the registration of ELTs, location detection, and 
comparison of 121.5 MHz and 406 MHz ELTs.  From the literature review, it is 
concluded that 406 MHZ ELTs are more beneficial than 121.5 MHz ELTs.  There have 
been very few studies on the performance of ELTs.   
Research Questions 
The review of the relevant literature associated with ELTs has elicited the 
following research questions of interest: 
Research Question 1:  What percentage of the accident reports from 2006 to 2010 
mentioned: 
 ELT-installated 
 ELT-operated 
 ELT-aided 
Research Question 2.  For accidents from 2006 to 2010, what was the ELT 
Success Rate (ESR) and False Negative Rate (FNR)? 
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Hypotheses 
 The research questions led to the following hypotheses for this study: 
Hypothesis 1: There was no difference in the response time based on ELT-
installed. 
Hypothesis 2. There was no difference in the response time based on ELT-
operated. 
Hypothesis 3: There was no difference in the response time based on ELT-aided. 
Hypothesis 4: There was no difference in the number of accidents in which ELT-
operated and ELT-aided 
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Chapter III 
Methodology 
Research Approach 
This researcher describes the research design and procedures, the method in 
which the data were collected and analyzed in this chapter.   
Design and Procedures. This researcher analyzed aircraft accident data provided 
by the NTSB.  This analysis was performed on accidents from 2006 to 2010.  The data 
set was retrieved from the NTSB accident database which stores case reports examined 
by accident investigators or NTSB officials.  The accident data were retrieved from Table 
10 under the Aviation Accident Statistics page for general aviation.  The NTSB data set 
consisted of 6,977 records  and represented all available factual information about the 
accidents. 
 Cross-referencing was done by this researcher using the event date, location, 
manufacturer, and airframe hours.  When an NTSB record was cross referenced, the brief 
narrative statement of facts, conditions, and circumstances pertinent to the 
accident/incident were reviewed to validate the NTSB information.  
 This researcher collected data from the NTSB accident database and analyzed the 
data using the following steps: 
1.  On the official NTSB website, selected Aviation under the Transportation Safety 
category.  
2.   Accident Database & Synopses link was clicked which led to a page to fill in required 
information to retrieve.   
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3.  Entered the search parameters such as date, investigation type, operation, and report 
status that was required to analyze.  To be more specific, the data range, that was entered, 
was from 1/1/2006 to 12/31/2010; the country, United States; accident under 
investigation type; Part-91: General Aviation under operation; and factual under report 
status were chosen respectively.  The words „Emergency Locator Transmitter‟ were 
typed into the cell labeled Enter your word string and then the Submit Query button was 
clicked.  This query returned a webpage with the data that was the source of data for this 
study.   
4.  The researcher then analyzed the data using Statistical Package for Social Sciences 
(SPSS v17.0) , using the Chi-Square statistic.  The relevant fields used for the analysis 
are described in Table 3.  
Data Set 
Table 3 describes the parameters used for cross-referencing and analysis.  The 
parameters used were event date, location, make/model, aircraft hours, engine type, event 
severity, Fatalities, ELT-installed, ELT type, ELT-operated , ELT-aided and response 
time.  The data set that was analyzed is shown in Appendix A.  
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Table 3 
 
Data Set Parameters 
 
  
 
 
 
Parameters Explanation 
Event Date Exact date the event occurred 
Location City and State the event occurred. Only State is in Appendix A. 
Make/ Model Manufacturer, Model name and model number of the aircraft. Only 
manufacturer is in Appendix A 
Aircraft hours Number of hours the aircraft has flown during its operation 
Rated Power Rated power of aircraft, expressed in HorsePower (HP) 
Engine Type Type of engine namely Reciprocating, Turbo Shaft, or Turbo Prop 
Event Severity Fatal event or Nonfatal event 
Fatalities Number of fatalities involved in the event 
ELT-Installed Installation of the ELT 
ELT Type Type of ELT installed 
ELT-Operated Status of the ELT during operation. Answers: Yes, if ELT was under 
operable condition; No, if ELT was not operating; and Not Applicable 
(N/A), if ELT was not installed or information about ELT was 
unknown 
ELT-Aided Answers: Yes, when ELT helped in determining the location of the 
crash; No, when the ELT did not help in determining the location; and 
Not Applicable (N/A), if ELT was not installed or information was 
unknown 
Response Time Time taken for the searchers to reach the accident scene. It is broadly 
classified into three categories: (a) Less than 24 hr- if the search was 
conducted within 24 hours from time of the accident, (b) More than 24 
hr- if the search took more than 24 hours from the time of the accident, 
and (c) Unknown-if the information was either unknown or the search 
was terminated 
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Reliability and Validity   
The NTSB is an independent federal agency charged by Congress with 
investigating transportation accidents, determining the probable cause, and making 
recommendations to prevent similar accidents from occurring.  The NTSB aviation 
accident database contains information about civil aviation accidents and selected 
incidents within the United States, its territories and possessions, and in international 
waters.  Generally, a preliminary report is available online within a few days; factual 
information is added when available; and when the investigation is completed, the 
preliminary report is replaced with a final description of the accident and its probable 
cause (NTSB, 2011).  The researcher used existing data from the NTSB Accident 
Database & Synopses, which is a valid and reliable source.  
Treatment of the Data 
According to ICAO (2010), Equations 1, 2, and 3 define ELT Success Rate (ESR) 
as the percentage of ELTs that aided a real aircraft accident and notified the SAR 
authorities.  False Negative Rate (FNR) is a system reliability indicator which is the 
percentage of ELTs that did not aid an aircraft accident and did not notify the SAR 
authorities.  Missing Data Ratio (MDR) is the ratio of information unavailable on ELTs 
to the number of NTSB records.  
 
 
       (1) 
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(2) 
Where: 
ESR:  ELT Success Rate  
FNR :   False Negative Rate 
ELTDA :  ELT did not Aid 
ELTA :  ELT Aided 
 
 
 
 
(3) 
 
 
 
Descriptive statistics. The researcher used pie charts to describe the nominal 
variable: ELT-installed, ELT-operated, ELT-aided, and response time.  The ratio 
variable, fatalities, was described with a bar chart.  The ratio variables, ESR and FNR, 
were described using a table. In addition to the table, the terms were explained using a 
control chart.  
Hypothesis testing.  Chi-Square was used to test each of the four hypotheses:  
(a) ELT-installed and response time, 
(b) ELT-operated and response time, 
(c) ELT-Aided and response time, and 
(d) ELT-operated and ELT-Aided 
For these tests, α = .05 for significance.  
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Chapter IV 
Results 
 The data consisted of 81 cases that reported about ELT operation from 2006 to 
2010.  After collection, the data were sorted and analyzed.  This chapter explains the 
results with pie-charts, control-charts, and a table; and it shows the comparative analysis 
of the four hypotheses. 
Descriptive Statistics 
The variables ELT-installed, ELT-operated, ELT-aided, and response time are 
described by charts in this section.  The FNR and ESR are described by table.  
ELT-installed. Figure 5 describes the number of cases in the data set (N = 81) 
where an ELT was installed. 
 
 
Figure 5.  Description of the nominal variable, ELT-installed. 
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ELT-operated.  Eighty-one cases from the NTSB accident database were 
analyzed.  Figure 6 describes the variable, ELT-operated.   
 
 
Figure 6. Description of the nominal variable, ELT-operated. 
 
ELT-Aided.  Figure 7 describes the nominal variable ELT-aided (N = 81).  
 
 
  
Figure 7.  Description of the nominal variable, ELT-aided. 
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Response time.  Figure 8 describes the variable, response time (N = 81). 
  
 
Figure 8.  Description of the nominal variable, response time. 
 
Fatalities. Figure 9 describes the number of fatalities in comparison to ELT-aided 
cases. 
 
 
Figure 9.  Description of number of fatalities in ELT-aided cases. 
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ELT success rate and false negative rate.  Table 4 describes the ratio variables, 
ELT Success Rate and False Negative Rate. Figure 10 describes the ELT Success Rate 
and False Negative rate in a graphical format. 
  
Table 4 
ELT Success Rate and False Negative Rate 
Year 
NTSB 
records 
ELT 
data 
No data 
on ELT 
Missing 
Data 
Ratio 
No 
ELT 
Carried 
ELT- 
Aided 
ELT 
non-
aided 
ELT 
Success 
Rate 
False 
Negative 
Rate 
2006 1523 23 1500 98.49% 1 4 16 20.00% 80.00% 
2007 1652 23 1629 98.61% 1 12 10 54.55% 45.45% 
2008 1566 18 1548 98.85% 1 4 11 26.67% 73.33% 
2009 1340 13 1327 99.03% 1 3 9 25.00% 75.00% 
2010 896 4 892 99.55% 1 2 1 66.67% 33.33% 
Note. In some cases, although the ELT was installed, information on ELT-Aided was 
unavailable.  Hence it was categorized as Not Applicable (NA) which is not included in 
this particular table.    
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Figure 10.  ELT success rate and false negative rate. 
 
Hypothesis Testing 
ELT-installed related to response time. A Chi-Square was calculated to test the 
null hypothesis: There was no difference in response time between accidents where an 
ELT was installed and where an ELT was not installed, as shown in Table 5.  There were 
two cells (50.00 %) that had expected counts less than five.  The minimum expected 
count was 0.53. 
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Table 5 
Response Time and ELT- Installed Cross Tabulation 
   Response Time  
   
Less than 
24 hr 
 
More than 
24 hr 
 
Total 
ELT-Installed No Count 0 2 2 
  Expected Count 1.5 0.5 2.0 
 Yes Count 36 11 47 
  Expected Count 34.5 12.5 47.0 
Total  Count 36 13 49 
  Expected Count 36.0 13.0 49.0 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 5.774
 
1 0.016 
Continuity Correction
 
2.513 1 0.113 
Likelihood Ratio 5.550 1 0.018 
Valid Cases 49   
 
 
The Chi-Square rejected the null hypothesis.  Therefore, there was a difference in 
response time between accidents where an ELT was installed and an ELT was not 
installed in the aircraft. 
ELT-operated related to response time.  A Chi-Square was calculated to test 
the null hypothesis: There was no difference in response time between accidents where 
an ELT operated and where an ELT did not operate, as shown in Table 6.  There was one 
cell (25.0 %) that had an expected count less than five.  The minimum expected count 
was 3.91. 
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Table 6 
Response Time and ELT-Operated Cross Tabulation 
 
 
 
The Chi-Square rejected the null hypothesis.  Therefore, there was a difference in 
response time between accidents where an ELT operated and where an ELT did not 
operate.  
ELT-aided related to response time.  A Chi-Square was calculated to test the 
null hypothesis: There was no difference in response time between accidents where an 
ELT aided the rescue and where an ELT did not aid the rescue as shown in Table 7.  
There was one cell (25.0 %) having an expected count less than five.  The minimum 
expected count was 3.91.  
  
   Response Time  
   
Less than 
24 hr 
 
More than 
24 hr 
 
Total 
ELT-Operated No Count 9 9 18 
  Expected Count 14.1 3.9 18.0 
 Yes Count 27 1 28 
  Expected Count 21.9 6.1 28.0 
Total  Count 36 10 46 
  Expected Count 36.0 10.0 46.0 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 13.882
 
1 0.000 
Continuity Correction
 
11.287 1 0.001 
Likelihood Ratio 14.588 1 0.000 
Valid Cases 46   
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Table 7  
Response Time and ELT-Aided Cross Tabulation 
 
 
 
The Chi-Square rejected the null hypothesis.  Therefore, there was a difference in 
response time between accidents where an ELT aided the rescue and where an ELT did 
not aid the rescue. 
ELT-aided related to ELT-operated.  A Chi-Square was calculated to test the null 
hypothesis: There was no difference in the number of accidents in which an ELT aided 
the rescue and where an ELT operated, as shown in Table 8.  There were zero cells (0.0 
%) having expected counts less than five.  The minimum expected count was 9.72.  
 
 
   Response Time  
   
Less than 
24 hr 
 
More than 
24 hr 
 
Total 
ELT-Aided No Count 15 9 24 
  Expected Count 18.8 5.2 24.0 
 Yes Count 21 1 22 
  Expected Count 17.2 4.8 22.0 
Total  Count 36 10 46 
  Expected Count 36.0 10.0 46.0 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 7.327
 
1 0.007 
Continuity Correction
 
5.518 1 0.019 
Likelihood Ratio 8.279 1 0.004 
Valid Cases 46   
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Table 8 
ELT-Aided and ELT-Operated Cross Tabulation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Chi-Square rejected the null hypothesis. Therefore, there was a difference in 
the number of accidents in which an ELT aided the rescue and where an ELT operated. 
   ELT-Operated  
   
No 
 
Yes 
 
Total 
ELT-Aided No Count 28 19 47 
  Expected Count 18.3 28.7 47.0 
 Yes Count 0 25 25 
  Expected Count 9.7 15.3 25.0 
Total  Count 28 44 72 
  Expected Count 28.0 44.0 72.0 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 24.371
 
1 0.000 
Continuity Correction
 
21.929 1 0.000 
Likelihood Ratio 32.806 1 0.000 
Valid Cases 72   
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Chapter V 
Discussion, Conclusions, and Recommendations 
 This chapter discusses the results derived from the tabulation and various charts.  
Conclusions were derived and possible recommendations were suggested. 
Discussions and Conclusions 
Among the 81 cases analyzed, ELTs were installed in 76 cases (93.83%), whereas 
the remaining five cases, (6.17%), did not have ELTs.  ELTs operated in 45 cases 
(55.56%), did not operate in 28 cases (34.57%), and no useful information was available 
in eight cases (9.88%).  ELTs aided the rescue in 25 cases (30.86%), did not aid the 
rescue in 47 cases (58.02%), and no useful information was available in nine cases 
(11.11%).  The mean ESR was found to be 38.58% and the mean FNR was found to be 
61.42 %.  When data on ELTs was available in the accident reports, the overall 
performance of the system was poor.     
Interpreting data becomes difficult. Out of 6,977 accidents available for 
analysis, only 81 records contained sufficient ELT information, which is only 1.2% of 
total records.  The small number of 81 cases that contained information on ELTs limited 
the ability to interpret the ELT performance data.  This very small sample could have led 
to a Type I error and the possibility of overestimating or underestimating the performance 
of ELTs.  
Difference between ELT-operated and ELT-Aided. 
Reasons for ELT not aiding. The reasons why the ELT did not aid in the rescue 
but operated: 
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 The most common reason found in the accident reports, was the ELT 
activated but did not trigger the distress signal. 
 Some aircraft used older generation ELTs, although new generation 406 
MHz ELTs were mandated after February, 2009.  Although the ELT activated, the 
signal could not be received by the Rescue Coordination Center (RCC).   
 In certain cases, pilots failed to arm the unit, which is considered a human 
factors issue.  Thus, when an accident occurred, the unit did not aid although the 
ELT unit was in working condition.  Such situations could occur when responders 
to an inadvertent ELT signal turned the ELT off and subsequent pilots failed to 
arm the unit. 
 No signal was heard or reported.   
 There was distortion in the signal frequency when older generation ELTs 
were used.  When the ELT activated, instead of sending a distress signal, it would 
interfere with the communication frequencies of airplanes.  
 In certain cases, the antenna was demounted due to accident impact.  
Hence, although the ELT activated, the signal could not be transmitted by the 
antenna.  
 In a specific case, the ELT activated, but there was no response from the 
search and rescue authorities.  Consequently, the pilot activated his personal 
locator beacon and the U.S. Coast Guard responded. 
Reasons for ELT not operating and not aiding. The reasons why the ELT did not 
operate, thus did not aid the rescue are given below; and some of the reasons are common 
with the  above: 
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   In this analysis, a few accidents reported using expired batteries in ELTs. 
   There were many cases which reported the usage of older generation 
ELTs. 
   The ELT unit was destroyed during the accident. For example, “ELT was 
destroyed due to post-impact fire.” 
   The ELT did not activate due to insufficient impact forces or G-force. 
   Lack of transmission of ELT signal. 
 Problems in the G-switch activation, which took two forms.  The first was 
restriction of the ball in the tube by debris or increased contact resistance from 
disposition of an oxide material on the switch‟s contacts (DeLong, 2011).  The 
second was due to abrasive wear caused by oxide fragments, in conjunction with 
vibration as a secondary contributor.  
The NTSB did not clearly define the difference between ELT-operated and ELT-
Aided.  However, when the ELT operated; there were cases where the ELT failed to aid 
the rescue.  Similarly, when the ELT did not operate, the ELT could not aid the rescue.  
Thus, the researcher concluded that, when an ELT aided in locating a downed aircraft and 
rescuing survivors, it meant that ELT operated efficiently.  Conversely, if an ELT did not 
operate correctly, it did not aid in the rescue. 
Importance of calculating the response time.  Anyone who encounters a 
dangerous situation wants to be evacuated to safety as soon as possible.  The victims of 
an accident want the rescue team to assist them and to provide emergency aid to them.  
An important conclusion of this study is that when an ELT is installed, operated and 
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aided the rescue; the response time was less than 24 hours, which usually indicated an 
acceptable rescue response time.  
Fatalities.  Considering the ELT-aided cases, there were still 28 fatalities, in spite 
of the ELT aiding the rescuers to the scene.  Nevertheless, considering the case where the 
ELT did not aid the rescue, there were 83 fatalities, which was approximately 70% of the 
total fatalities in the 81 considered cases.  If the ELT had aided SAR to the scene, there is 
a possibility of more survivors.   
Recommendations  
The availability of ELT data played a major role in deriving conclusions, since 
Type I errors and misinterpretation of the data becomes possible if there is a small sample 
size.  In order to increase the number of ELTs for analysis, the NTSB should proactively 
solicit more accident- related ELT information from accident investigators. 
Because there was no clear distinction in the reports about the ELT type, the 
researcher could not assume that all accident aircraft after 2009 had 406 MHz ELTs.  
Therefore, the researcher recommends that the NTSB should require ELT type, ELT-
installed, ELT-operated, and ELT-aided in every accident report.  Indeed, ICAO (2010) 
has suggested a database of ELT signals would be very useful to supplement and validate 
information received from accident investigators.  This study supports this 
recommendation. 
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Parameters Case 1 Case 2 Case 3 
Event Date 7/22/2010 3/18/2010 2/28/2010 
Location AK AK OK 
Make/ Model Cessna 170 B Cessna 182B Beech C24R 
Aircraft hours 6322 Unknown 2928 
Rated Power 145 N/A Reciprocating 
Engine Type Reciprocating Reciprocating 200 
Event Severity Nonfatal Nonfatal Fatal 
Fatalities 0 0 2 
ELT-Installed Yes Yes N/A 
ELT-Type C-91 A Unknown N/A 
ELT-Operated Yes Yes N/A 
ELT-Aided  No Yes N/A 
Response Time Unknown  Less than 24 hr Unknown 
 
 
Parameters Case 4 Case 5 Case 6 
Event Date 1/18/2010 11/14/2009 11/10/2009 
Location CA AK CA 
Make/ Model Cessna 172 M Piper PA-18-150 Beech 35-B33 
Aircraft hours 3285 Unknown 3774 
Rated Power Unknown Reciprocating  Reciprocating 
Engine Type 180 N/A 225 
Event Severity Nonfatal Nonfatal Nonfatal 
Fatalities 0 0 0 
ELT-Installed Yes Yes Yes 
ELT-Type C-91 Unknown Unknown 
ELT-Operated Yes Yes  Yes 
ELT-Aided  Yes Yes No 
Response Time Less than 24 hr Less than 24 hr Unknown 
 
Parameters Case 7 Case 8 Case 9 
Event Date 10/31/2009 10/14/2009 10/10/2009 
Location CO AK WA 
Make/ Model Cessna T182T Cessna A185E Taylorcraft BC12-D1 
Aircraft hours 935 3475 4515 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 238 285 65 
Event Severity Nonfatal Fatal Fatal 
Fatalities 0 1 1 
ELT-Installed Yes Yes No 
ELT-Type Unknown Unknown N/A 
ELT-Operated Yes No N/A 
ELT-Aided  No No N/A 
Response Time Unknown More than 24 hr Unknown 
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Parameters Case 10 Case 11 Case 12 
Event Date 7/11/2009 6/26/2009 6/20/2009 
Location FL AR AK 
Make/ Model Barber John A Glasair Piper PA-32R-300 Beech V35A 
Aircraft hours 760 9011 Unknown 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 150 300 285 
Event Severity Fatal Fatal Fatal 
Fatalities 2 3 2 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown C 91 C 91 
ELT-Operated Yes No No 
ELT-Aided  Yes No No 
Response Time Less than 24 hr Less than 24 hr Unknown 
 
Parameters Case 13 Case 14 Case 15 
Event Date 4/1/2009 3/1/2009 1/8/2009 
Location MT CA UT 
Make/ Model Maule M-4-220C Diamond Aircraft 
DA-40 
Robinson R44 II 
Aircraft hours 2175 652 445 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 220 180 245 
Event Severity Fatal Fatal Nonfatal 
Fatalities 1 2 0 
ELT-Installed Yes Yes Yes 
ELT-Type C 126 C 126 Unknown 
ELT-Operated Yes No Yes 
ELT-Aided  Yes No No 
Response Time Less than 24 hr More than 24 hr Unknown 
 
Parameters Case 16 Case 17 Case 18 
Event Date 1/4/2009 1/3/2009 12/22/2008 
Location PA TN CO 
Make/ Model Piper PA-28-160 Piper PA-28-151 Piper PA-46 
Aircraft hours 3569 5017 3302 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 817 150 310 
Event Severity Fatal Fatal Fatal 
Fatalities 1 2 2 
ELT-Installed Yes Yes Yes 
ELT-Type C 91 Unknown Unknown 
ELT-Operated No No Yes 
ELT-Aided  No No Yes 
Response Time Unknown Unknown Less than 24 hr 
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Parameters Case 19 Case 20 Case 21 
Event Date 10/12/2008 9/23/2008 9/9/2008 
Location FL GA MD 
Make/ Model Cessna 172 Piper PA-32 Dufault Mark Pitts S-1D 
Aircraft hours 1458 5760 Unknown 
Rated Power Reciprocating Unknown Reciprocating 
Engine Type 160 N/A 160 
Event Severity Nonfatal Fatal Fatal 
Fatalities 0 1 1 
ELT-Installed Yes Yes No 
ELT-Type Unknown C-91 N/A 
ELT-Operated No Yes N/A 
ELT-Aided  No No N/A 
Response Time Unknown Less than 24 hr More than 24 hr 
 
Parameters Case 22 Case 23 Case 24 
Event Date 9/8/2008 8/29/2008 8/22/2008 
Location NJ MO PA 
Make/ Model Mooney M20J Robinson R44 II Bell 206-A 
Aircraft hours 2760 17 Unknown 
Rated Power Reciprocating Reciprocating Turboshaft 
Engine Type 180 245 317 
Event Severity Nonfatal Fatal Nonfatal 
Fatalities 0 2 0 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown C-126 N/A 
ELT-Operated No Yes N/A 
ELT-Aided No No N/A 
Response Time Unknown Less than 24 hr More than 24 hr 
 
Parameters Case 25 Case 26 Case 27 
Event Date 8/12/2008 8/10/2008 8/7/2008 
Location MA AK NV 
Make/ Model Beech G35 Beech 95-B55  Cessna 172S 
Aircraft hours 3740 3617 1259 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 225 230 180 
Event Severity Fatal Fatal Fatal 
Fatalities 3 2 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown C-91 C91 
ELT-Operated No Yes Yes 
ELT-Aided No Yes Yes 
Response Time Unknown Less than 24 hr Less than 24 hr 
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Parameters Case 28 Case 29 Case 30 
Event Date 7/26/2008 6/29/2008 6/9/2008 
Location GA NM CA 
Make/ Model Evektor-Aerotechnik Cessna U206F Cessna 172M 
Aircraft hours 253 Unknown Unknown 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 100 300 N/A 
Event Severity Nonfatal Fatal Nonfatal 
Fatalities 0 5 0 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes No Yes 
ELT-Aided  No No N/A 
Response Time Unknown Unknown Unknown 
 
Parameters Case 31 Case 32 Case 33 
Event Date 5/17/2008 5/8/2008 4/19/2008 
Location NJ NC MO 
Make/ Model Cessna 337A Desalvatore  Cessna P206  
Aircraft hours 4745 Unknown 4303 
Rated Power Reciprocating Turbo shaft Reciprocating 
Engine Type 180 350 300 
Event Severity Fatal Fatal Fatal 
Fatalities 2 2 2 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated No Yes No 
ELT-Aided  No No No 
Response Time Less than 24 hr Unknown Unknown 
 
 
Parameters Case 34 Case 35 Case 36 
Event Date 5/17/2008 2/27/2008 12/06/2007 
Location CA WA WA 
Make/ Model Cessna  Cessna Piper 
Aircraft hours 7879 2627 3688.2 
Rated Power Reciprocating Reciprocating Reciprocating 
Engine Type 150 145 235 
Event Severity Fatal Fatal Fatal 
Fatalities 2 1 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes No No 
ELT-Aided Yes No No 
Response Time Less than 24 hr Less than 24 hr More than 24 hr 
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Parameters Case 37 Case 38 Case 39 
Event Date 10/27/2007 10/09/2007 10/07/2007 
Location FL OH WA 
Make/ Model Piper Eurocopter Cessna 
Aircraft hours 5200 3414 9604 
Rated Power 180 675 675 
Engine Type Reciprocating Turbo shaft Turbo Prop 
Event Severity Fatal Nonfatal Fatal 
Fatalities 2 0 10 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes Yes No 
ELT-Aided  Yes No No 
Response Time Less than 24 hr Unknown More than 24 hr 
 
 
Parameters Case 40 Case 41 Case 42 
Event Date 09/30/2007 09/03/2007 08/26/2007 
Location AK CA FL 
Make/ Model Helio Bellanca Cessna 
Aircraft hours 8733.5 1073 6496 
Rated Power 295 180 285 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 4 1 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown C91 Unknown 
ELT-Operated No No Yes 
ELT-Aided  No No Yes 
Response Time Less than 24 hr More than 24 hr Less than 24 hr 
 
Parameters Case 43 Case 44 Case 45 
Event Date 08/10/2007 08/05/2007 07/07/2007 
Location WI CA OR 
Make/ Model Piper Piper Cub Crafters 
Aircraft hours 3812.6 5101 10 
Rated Power 160 150 100 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 1 1 1 
ELT-Installed Yes Yes No 
ELT-Type Unknown Unknown N/A 
ELT-Operated Yes No N/A 
ELT-Aided  Yes No N/A 
Response Time Less than 24 hr Unknown More than 24 hr 
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Parameters Case 46 Case 47 Case 48 
Event Date 07/06/2007 06/21/2007 06/14/2007 
Location TX NC ID 
Make/ Model Socata Cessna Cessna 
Aircraft hours 2533.8 2968 4996 
Rated Power 250 230 145 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 1 2 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes Yes No 
ELT-Aided  Yes Yes No 
Response Time Less than 24 hr Less than 24 hr More than 24 hr 
 
Parameters Case 49 Case 50 Case 51 
Event Date 05/28/2007 04/26/2007 04/18/2007 
Location WA GA CA 
Make/ Model Cessna Piper Piper 
Aircraft hours 2745 2642.6 12981 
Rated Power 300 115 160 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 1 1 2 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes Yes Yes 
ELT-Aided  Yes Yes Yes 
Response Time Less than 24 hr More than 24 hr Less than 24 hr 
 
Parameters Case 52 Case 53 Case 54 
Event Date 04/16/2007 04/09/2007 04/08/2007 
Location WV AZ CA 
Make/ Model Rolladen Schneider Cessna Scottish Bulldog 
Aircraft hours Unknown 9136 8400 
Rated Power 787 160 200 
Engine Type Unknown Reciprocating Reciprocating 
Event Severity Nonfatal Fatal Fatal 
Fatalities 0 2 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes Yes Yes 
ELT-Aided  Yes Yes Yes 
Response Time Less than 24 hr Unknown Less than 24 hr 
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Parameters Case 55 Case 56 Case 57 
Event Date 03/13/2007 02/27/2007 01/04/2007 
Location NM TX AR 
Make/ Model Beech Cessna Cessna 
Aircraft hours 2153 8.9 18764 
Rated Power 165 235 230 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Nonfatal Fatal 
Fatalities 1 0 2 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes No No 
ELT-Aided  Yes No No 
Response Time Less than 24 hr Less than 24 hr Less than 24 hr 
 
Parameters Case 58 Case 59 Case 60 
Event Date 01/04/2007 12/10/2006 12/01/2006 
Location Sc NC MN 
Make/ Model Cessna Fagan Rans Cessna 
Aircraft hours 2283 110 10526 
Rated Power 230 100 Unknown 
Engine Type Reciprocating Reciprocating Unknown 
Event Severity Fatal Fatal Fatal 
Fatalities 3 2 2 
ELT-Installed Yes No Yes 
ELT-Type Unknown N/A Yes 
ELT-Operated No N/A Yes 
ELT-Aided  No N/A Yes 
Response Time Less than 24 hr Unknown Less than 24 hr 
 
 
Parameters Case 61 Case 62 Case 63 
Event Date 11/22/2006 11/20/2006 11/04/2006 
Location AZ IL AR 
Make/ Model Piper Piper Piper 
Aircraft hours Unknown 4457.7 6581.1 
Rated Power Unknown 235 300 
Engine Type Unknown Reciprocating Reciprocating 
Event Severity Nonfatal Nonfatal Fatal 
Fatalities 0 0 3 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Yes Unknown 
ELT-Operated N/A Yes No 
ELT-Aided  N/A No No 
Response Time Unknown Unknown Less than 24 hr 
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Parameters Case 64 Case 65 Case 66 
Event Date 11/02/2006 10/18/2006 09/15/2006 
Location MI AZ AK 
Make/ Model Cessna Piper De Havilland 
Aircraft hours 4297.5 5317.9 34896.9 
Rated Power 175 Unknown 450 
Engine Type Reciprocating Turbo Prop Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 1 5 2 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes No No 
ELT-Aided  No No No 
Response Time Unknown Unknown More than 24 hr 
 
Parameters Case 67 Case 68 Case 69 
Event Date 8/27/2006 08/15/2006 07/24/2006 
Location CA CO IN 
Make/ Model Terry Tevis Cirrus Cessna 
Aircraft hours 230 897.6 3824.3 
Rated Power 180 200 145 
Engine Type Reciprocating Reciprocating Reciprocating  
Event Severity Fatal Nonfatal Fatal 
Fatalities 2 0 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated No Yes Yes 
ELT-Aided  No No No 
Response Time Less than 24 hr Unknown Less than 24 hr 
 
 
Parameters Case 70 Case 71 Case 72 
Event Date 07/03/2006 06/20/2006 06/12/2006 
Location CO CA CO 
Make/ Model Beech Beech Piper 
Aircraft hours Unknown 2960 Unknown 
Rated Power 300 300 Unknown 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Nonfatal Nonfatal 
Fatalities 2 0 0 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated Yes Yes Yes 
ELT-Aided  No Yes Yes 
Response Time Unknown Unknown Unknown 
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Parameters Case 73 Case 74 Case 75 
Event Date 06/02/2006 04/29/2006 03/28/2006 
Location AK NV CA 
Make/ Model Cessna Schempp-Hirth Cessna 
Aircraft hours 6920 3381 52 
Rated Power 230 Unknown 675 
Engine Type Reciprocating Unknown Turbo Prop 
Event Severity Nonfatal Nonfatal Fatal 
Fatalities 0 0 2 
ELT-Installed Yes N/A Yes 
ELT-Type Unknown N/A Unknown 
ELT-Operated Yes N/A No 
ELT-Aided  No N/A No 
Response Time Unknown Unknown More than 24 hr 
 
 
Parameters Case 76 Case 77 Case 78 
Event Date 02/23/2006 02/04/2006 01/25/2006 
Location CO FL WA 
Make/ Model Cessna Cirrus Cessna 
Aircraft hours 5446.1 487 5363 
Rated Power 230 300 375 
Engine Type Reciprocating Reciprocating  Reciprocating  
Event Severity Fatal Fatal Fatal 
Fatalities 3 3 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated No Yes No 
ELT-Aided  No No No 
Response Time Less than 24 hr Less than 24 hr More than 24 hr 
 
Parameters Case 79 Case 80 Case 81 
Event Date 01/13/2006 01/09/2006 01/02/2006 
Location CA CA AK 
Make/ Model Piper Cirrus Cessna 
Aircraft hours 2981.1 342.8 6500 
Rated Power 160 300 230 
Engine Type Reciprocating Reciprocating Reciprocating 
Event Severity Fatal Fatal Fatal 
Fatalities 4 2 1 
ELT-Installed Yes Yes Yes 
ELT-Type Unknown Unknown Unknown 
ELT-Operated No Yes Yes 
ELT-Aided  No No Yes 
Response Time Less than 24 hr Unknown Less than 24 hr 
 
